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disorder in main residue; R factor = 0.072; wR factor = 0.169; data-to-parameter 
ratio = 16.3. 



Experimental 

Crystal data 

C 60 H 70 N 2 O 4 Si 8 
M, = 1107.90 
Triclinic, PI 
a = 10.731 (2) A 
b = 11.021 (2) A 
c = 13.859 (3) A 
a = 88.320 (9)° 
ft = 76.120 (6)° 



Data collection 

Rigaku Saturn724+ CCD 
diffractometer 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2007) 
T min = 0.916, r max = 0.954 

Refinement 

R[F 2 > 2a(F 2 )] = 0.072 

wR(F 2 ) = 0.169 

S = 1.11 

6338 reflections 

390 parameters 



y = 78.860 (8)° 
V = 1561.0 (6) A 3 
Z= 1 

Mo Ka radiation 
IX = 0.22 mnT 1 
T = 173 K 

0.41 x 0.28 x 0.22 mm 



12950 measured reflections 
6338 independent reflections 
5389 reflections with 1 > 2a(I) 
R in , = 0.040 



74 restraints 

H-atom parameters constrained 
A/w = 0.55 e A~ 3 
Ap mi „ = -0.32 e A~ 3 



The title molecule, C 6 oH7oN20 4 Si 8 , lies on an inversion center. 
In the asymmetric unit, one of the phenyl rings is disordered 
over two sets of sites with refined occupancies 0.58 (2) and 
0.42 (2). In addition, in two substitution sites of the terminal 
dimethyl(vinyl)silyl unit, a methyl group and the vinyl group 
are disordered over the same site with refined occupancies 
0.523 (13) and 0.477 (13). 

Related literature 

For similar cyclodisilazanes to the title compound and their 
synthesis, see: Zhu et al. (2007). 



Ph Ph 
Me Ph \ / Ph Me 




Me Ph / \ Ph Me 

Ph Ph 



Data collection: CrystalClear (Rigaku, 2007); cell refinement: 
CrystalClear; data reduction: CrystalClear; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 

The authors would like to thank the National Natural 
Science Foundation of China (grant No. 50803070) for finan- 
cial support. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5235). 
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2,2,4,4-Tetraphenyl-l,3-bis(3,3,5,5-tetramethyl-l,l-diphenyl-5-vinyltrisiloxan-l-yl)cyclodisilazane 
Z. Lv, L. Dai, X. Zhang, Z. Zhang and Z. Xie 



Organocyclodisilazanes exhibit high thermal stability, and have been used to enhance the thermal properties of silicone 
rubbers (Zhu et al, 2007). Different functional groups can be introduced to cyclodisilazanes to improve their reactivity. 

The molecular structure of the title compound is shown in Fig. 1. The molecule lies on an inversion center. In the asym- 
metric unit, one of the phenyl rings is disordered over two sets of sites with refined occupancies 0.58 (2) and 0.42 (2). In 
addition, in the the terminal dimethyl(vinyl)silyl group one of the methyl groups and the vinyl group are disordered over 
their respective sites with refined occupancies 0.523 (13) and 0.477 (13). 



The reaction scheme is shown in Fig. 2. 2 g l,3-bis-(hydroxydiphenylsilanyl)-2,2,4,4-tetraphenylcyclodisilazane was dis- 
solved in 20 ml tetrahydrofuran and added dropwisely to 2 ml n-butyllithum (2.5 mol/L solution in n-hexane) at 263K, 
then warmed to room temperature. An excessive amount of l-vinyl-3-chloro-l,l,3,3-tetramethyldisiloxane was added to 
the mixture. After stirring for 30 min, solvents and unreacted disiloxane were removed under reduced pressure. The crude 
product was recrystallized from n-hexane to give colorless crystal. 



All H atoms were located in difference maps but were constrained in a riding-model approximation with (7i S0 (H) = 
1.2(7 e q(C ar yi) or (7i S0 (H) = 1.5(7 e q(C me thyl)- C — H distances were constrained to 0.95 and 0.98 A for aryl and methyl H 
atoms respectively. 
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Fig. 1. The molecular structure of the title compound shown with 30% ellipsoids. H atoms are 
not shown (symmetry code: (A) -x+1, -y+1, -z+1). The disorder is not shown. 



Fig. 2. The synthesis of the title compound. 
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2,2,4,4-TetraphenyM ,3-bis(3,3,5,5-tetramethyl-1 ,1 -diphenyl-5- vinyltrisiloxan-1 -yl)cyclodisilazane 



i 1*1 ; t* in i n n in 

yctlLll LI Li I Li 




C 6 0H70N2O 4 Si8 


Z= 1 


M r = 1107.90 


F(000) = 588 


Triclinic, PI 


Z) x = 1.179 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a =10.731 (2) A 


Cell parameters from 4640 reflections 


b= 11.021 (2) A 


9= 1.5-26.4° 


c = 13.859 (3) A 


\i = 0.22 mm 1 


a = 88.320 (9)° 


T= 173 K 


(3 = 76.120 (6)° 


Block, colorless 


y= 78.860 (8)° 


0.41 x 0.28 x 0.22 mm 


V= 1561.0(6) A 3 





Data collection 



Rigaku Saturn724+ CCD 
diffractometer 

Radiation source: sealed tube 
graphite 

co scans at fixed x = 45° 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2007) 

r min = 0.916, T max = 0.954 

12950 measured reflections 



6338 independent reflections 

5389 reflections with / > 2g(7) 
ic int = 0.040 

^max — 26.4 , 9 m j n — 2.4 
/; = -13^13 



£ = -13^13 
Z = -17^17 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2g(F 2 )] = 0.072 
wR(F 2 ) = 0.169 

S= 1.11 

6338 reflections 
390 parameters 
74 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0572P) 2 + 1.4799P] 

where P = (F D 2 + 2F c 2 )/3 

(A/o) max = 0.001 

Apmax = 0.55 e A~ 3 

Ap m i„ = -0.32 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
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between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or 





X 


y 


Sil 


0.25363 (13) 


0.87059 (11) 


Si2 


0.35367 (9) 


0.85862 (8) 


Si3 


0.44457 (8) 


0.58120 (7) 


Si4 


0.49207 (8) 


0.61058 (7) 


01 


0.3102 (4) 


0.8299 (3) 


02 


0.3845 (2) 


0.72946 (19) 


Nl 


0.4736 (2) 


0.5313 (2) 


C4 


0.3722 (5) 


0.7923 (5) 


H4A 


0.3830 


0.7025 


H4B 


0.4565 


0.8174 


H4C 


0.3402 


0.8151 


C5 


0.2206 (6) 


0.9597 (5) 


H5A 


0.1435 


0.9209 


H5B 


0.1995 


1.0389 


H5C 


0.2471 


0.9737 


C6 


0.5004 (6) 


0.9265 (6) 


H6A 


0.5695 


0.8703 


H6B 


0.5300 


0.9400 


H6C 


0.4803 


1.0058 


C7 


0.3206 (3) 


0.5015 (3) 


C8 


0.3566 (3) 


0.3802 (3) 


H8A 


0.4461 


0.3409 


C9 


0.2644 (4) 


0.3153 (4) 


H9A 


0.2910 


0.2322 


CIO 


0.1356 (4) 


0.3712 (4) 


H10A 


0.0727 


0.3266 


Cll 


0.0964 (4) 


0.4913 (4) 


H11A 


0.0068 


0.5301 


C12 


0.1883 (3) 


0.5556 (4) 


H12A 


0.1604 


0.6386 


C13 


0.5940 (3) 


0.5541 (3) 


C14 


0.7229 (9) 


0.5085 (12) 


H14 


0.7364 


0.4915 


C15 


0.8279 (8) 


0.4885 (15) 


H15 


0.9133 


0.4631 


C16 


0.8121 (10) 


0.5046 (13) 


H16 


0.8851 


0.4852 


C14' 


0.7159(15) 


0.5652 (18) 



isotropic displacement parameters (A 2 ) 



z 




Occ. (<1 


0.07043 (8) 


0.0648 (3) 
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0.0431 (2) 
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0.42 (2) 



sup-3 



supplementary materials 



U1 A' 


A 77/1 7 

U. /Z4 / 


A ^"7^1 

U.j / j3 


A 70^/^ 

U.ZoJO 


A A/^7* 

U.Uo / 


a A 7 ^7\ 

U.4Z (Z ) 


i ri 

CI j 


A OT/I 7 / 1 7\ 

U.oZ4Z (1Z) 


U.joZ (Z) 


A 1 A A /I /A\ 

U.14U4 (y) 


a r\/z c //i \ 
U.UOJ (4) 


A /I 7 /7\ 

U.4Z (Z) 


I I 1 CI 

ril J 


a qaqi 

u.yuoz 


A C^A-7 

U. joU / 


A 1 C7A 

U. 1 jZU 


A A70* 

U.U /o* 


A /1 7 /7\ 

U.4Z (Z ) 


Clo 


A 0A07 / 1 £\ 

U.&UoZ (lo) 


a c/;ac ^1 o\ 
U.joUj (lo) 


A A/1 1 7 /"I 7\ 

U.U43 / (1Z) 


A A/i 1 (A \ 

U.Uol (4) 


A /I 7 /7\ 

U.4Z (Z) 


I I 1 r\ 

rilo 


A 07A/^ 

u.o /yo 


A C £.1 1 
U. JO / 1 


A A 1 A7 

- U.U1U / 


A A71 * 

U.U /3 


A /I 7 /7\ 

U.4Z (Z ) 


CI / 


a ^07A 
U.oo /y (4) 


U.J4yj (4J 


A A7£ 1 

U.UZol (3J 


A C\£. A /I /■ 1 A\ 

U.UoU4 (1UJ 




hll / A 


a unci 
U.o/o3 


A C*71 /I 

U.J /14 


A AIO/1 

— U.U354 


A A77* 
U.U /Z* 




Clo 


A CO 1 C /Q\ 

U.Jo 1 J (3 ) 


a c/tt i n\ 
U.JOZl \5) 


A 1 AZZC /7\ 

U. lUOJ \L) 


A A/IOQ ^0\ 

U.U4oy (o J 




I I 1 Q A 

hlloA 




A C*7/^A 

u. j /oy 


A AA/1 7 

u.uy4 / 


A ACA* 

u.ujy* 




1 Q 

ciy 


a i/i a i /"3\ 
U.34U1 (3) 


a 7 i /:o 

U. / loo (3J 


a cooa ^7^ 
U.Joo3 \L) 


A A17Q ^7^ 
U.U3 17 \ l) 




CZU 


U.ZZUj (3) 


U. /Z3o (3) 


A Z£1 C /7\ 

U.jo3j (Z) 


A A/1 C C /0\ 

U.U4JJ (o) 




riZUA 


n 7 1 £/i 
U.Zlo4 


U.O / JO 


U. jUoo 


U.UjJ 




CZ1 


a 1 A77 //i\ 
U. 1U /3 (4) 


A "7AOO /QA 

U. /yoo (3) 


A 1 7A S1\ 

U.ol /U (3) 


A AC/1 7 /A\ 

u.uj4z (y) 




II-) 1 A 

riZl A 


u.uzoy 


A OA1 £ 

U.oUlo 


u. jyoo 


A A/^C* 
U.UOJ^ 




czz 


a 1 1 no //i \ 
U.llUs (4) 


U.ooyZ (3) 


U.oyoZ (3) 


A A C 7 1 / 1 A\ 

U.Uj/1 (1U) 




TJOO A 

rlZZA 


a m 1 1 
U.U33 1 


a mm 

u.yzuz 


A 7170 

U. / 3Zo 


u.uoy 




f '7 1 

CZ3 


A 777/1 /'/lA 

U.ZZ /4 (4) 


U.OOJ3 \5) 


A 777A f1\ 

U. /ZZU (3 J 


A ACA/^ /'I A\ 

u.ujyo (iu) 




hlZ3A 


n Tin 1 
U.Z3U1 


A A 1 1 *7 

u.y 13 / 


A TIC O 
U. / /OS 


A A77* 
U.U 11* 




CZ4 


A 1/1 1 C //1\ 

U.341J (4) 


a 7Qi a /a^ 

u. /y iu (3j 


U.00O3 (3 J 


A A/lOO ^0\ 

U.U4oo (o ) 




I I 7 1 A 

hlZ4A 


A /II 1 O 

U.4Z 1 o 


A *7AA/i 

u. /yUo 


A /:o/c i 
U.oool 


A ACA* 

u.ujyo 




/"<7 c 

CZj 


a £1A7 cx\ 
U.03UZ (3 ) 


u.oyo4 (3 J 


a /i Q17 /7\ 
U.4y3 / \L) 


A A1Q/C /7\ 

u.u3yo ( /j 




CZo 


A /CAA C //lA 

U.oUyj (4) 


A O 1 AA //lA 

u.oiyy (4) 


A /i /; o c 
U.405J (3) 


A f\£1 7 / 1 1 \ 

U.Uo3Z (11) 




1 PA A 
rlZOA 


A C711 

U. JZ33 


U.ooZo 


u.4oyj 


U.U /O 




cz / 


A 71 1 £ 

U. /IZo (j) 


A O OTA //lA 

U.ooZU (4) 


A A A 1 A //lA 

U.44iy (4) 


A AOOO C\ /Z\ 

U.Uooo (lo) 




I 1 7 "7 A 

rlZ / A 


u.oyoj 


u.yooo 


A /I 7/1 /I 

U.4Z44 


A 1 A7* 
U.1U /* 




CZo 


A oi /;*7 
U.oJo / (J) 


A Oil C 

U.oZ3j (j) 


A /I A AC //1\ 

U.44UJ (4) 


A A7£7 C\ 1\ 
U.U /O / (13) 




I ITU A 

1 l_oA 


a qa/ca 

u.yuoy 


A 0£7A 

U.oO /U 


f\ A 7 1 ^ 
U.4Z1 0 


A AQ7* 

u.uyz 




CZy 


A 0£A7 //1\ 

U.ooU / (4) 


A *7A 11 //lA 

U. /U13 (4) 


A /I /I f1\ 

U.4oo4 (3) 


A AC77 / 1 A\ 
U.Uj / / (1U) 




inn a 


A A/1 *7A 

u.y4 /u 


U.OOU3 


A /I 

U.4oo / 


A A£A* 

u.uoy* 




C3U 


A 7C7C 

U. / J / J (3) 


a /;'io7 (X\ 
U.o3o / \5) 


A /1Q7A /7\ 

U.4yZU yZ) 


A A/17C ^0\ 
U.U4 / J (o ) 




hl3UA 


A "7*7/1 C 

U. / /4j 


u. j j3y 


A C AO O 

U. jUoo 


A AC7* 

U.Uj 1* 




CI 


a aa i a 
U.UU1U (1 J) 


A o 1 77 /I /lA 
U.O 1ZZ ^ 14J 


A 1 A ci n 1\ 

U. 14J3 (1 1 ) 


a i/ii 
U.143 (O ) 


A C71 / 1 1\ 

U.JZ3 (13) 


I I 1 A 

hllA 


A A1 11 

U.U1 /z 


a /I 

u. /yj4 


A 7AA7 

u.zuyz 


A 1 77* 

U.l IZr 


A C71 C\ 1 \ 

U.JZ3 (13) 


1 1 1 1) 
hllr> 


A AOAC 

-U.U&Uj 


A OA/1 7 

U.5U4Z 


a 1 n 1 
U.1331 


A 1 77* 
U.l 11* 


A C71 C\ 1\ 

U.JZ3 (13) 


cz 


A AAA*7 ^1 C\ 

u.uyu / (1 j) 


U.o4o3 (1Z) 


A A7/1 A / 1 A\ 
U.U /4U (1U) 


A AOO //l \ 

U.Uoo (4) 


A C71 f \ 1\ 

U.JZ3 (13) 


1 17 
1 l_ 


A A/CCO 
U.UOJO 


a o/;i A 
U.oolU 


A A 1 77 
U.U1Z / 


A 1 AC * 

U.IUJ 


A C71 (\ 1\ 

U.JZ3 (13) 


C3 


A 7/1 7. O / 1 A\ 

U.Z438 (1U) 


1 A /I 1 /I /"7\ 

1.U414 ( 1) 


U.Ujjj (o) 


A A A 7 /7\ 
U.U4/ (Z) 


A C71 7\ 

U.JZ3 (13) 


TUT A 

hl3A 


A 1 O 1 1 

U.lol 1 


1 AOC 1 

I.UojI 


A 1 1 1A 

U.113U 


A A71 * 
U.U /I* 


A C71 f\ 1\ 

U.JZ3 (13) 


inn 
1 Lm5 


U.Z1 J 1 


1 n^77 
1 .uo / z 


A AAC 1 
U.UUJ J 


A A71 * 

U.U / I 


a C71 (\ X\ 
U. JZj (13) 


hl3C 


A 1 1 A1 

U.33UZ 


1 A£ 1 1 

l.Uol3 


A ACAA 

u.ujuy 


A A7 1 * 
U.U /I* 


A C71 f \ 1 \ 

U.JZ3 (13) 


CI 


u.zoy (Z J 


1 1 fK /7^ 
1.1 Uj \L) 


A A 1 A7 /I 7\ 
U.U1UZ (^1 /J 


A 7A7 /I 1 \ 

U.ZUZ (11) 


A A 77 ( 1 7\ 

U.4 / / (13) 


hll 1 


U.3jDj 


l.UOJ / 


A A7A/; 

— U.UZUo 


A 7 /I 7 * 

U.Z4Z* 


A /I 77 f \ 1\ 

U.4// (13) 


hll Z 


A T/1 1 C 

U.Z41 j 


1 1 A 1 £ 

i.iyio 


A AA7A 

u.uuzy 


A 7 /I 7 * 

U.Z4Z* 


A A 77 1 \ 

U.4/ / (13) 


Cz 


A 1 O "7 

U.ls7 (2) 


1 A A 1 /T\ 

1.041 (2) 


A A/C7A 

0.0620 (16) 


A 1 /1 7 /A\ 

0.147 (9) 


A /I 77 /1 T\ 

0.477 (13) 


H2' 


0.0998 


1.0778 


0.0937 


0.177* 


0.477 (13) 


C3' 


0.1027 (19) 


0.797 (2) 


0.0976 (15) 


0.122 (7) 


0.477 (13) 


H3'l 


0.0388 


0.8382 


0.1558 


0.183* 


0.477 (13) 


H3'2 


0.1276 


0.7090 


0.1111 


0.183* 


0.477 (13) 


H3'3 


0.0638 


0.8060 


0.0400 


0.183* 


0.477 (13) 



sup-4 



supplementary materials 



Atomic displacement parameters (A 2 ) 
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0.0253 (4) 


A AA A T /T ^ 

-0.0043 (3) 


A AAOT /T ^ 

-0.0083 (3) 


A AAT 1 /T ^ 

0.0021 (3) 


Si4 


AAT £n //I ~\ 

0.0369 (4) 


A AT A A //I \ 

0.0349 (4) 


0.0267 (4) 


A AAOT /T~\ 

-0.0082 (3) 


A AAO"7 n\ 

-0.0087 (3) 


A AAT T /T\ 

0.0027 (3) 


Ul 


0.164 (3) 


A A/C CO / 1 A\ 

0.0658 (IV) 


AAC A A ( 1 A\ 

o.05yy (19) 


A ATj /I 

-0.024 (2) 


A A/C /I /'"^ 

-0.064 (2) 


AA1C1 f~\C\ 

0.0151 (15) 


02 


a r\ a o s~ / 1 t \ 

0.0486 (13) 


A AT"70 / 1 O \ 

0.0378 (12) 


A Alio /I I \ 

0.0338 (11) 


A AA^A 1 (\\ 

-0.0020 (9) 


A AAAT / rV\ 

-0.0093 (9) 


0.0046 (9) 


Nl 


a m rr / 1 t \ 

0.0355 (13) 


A AT /I 1 /1 T \ 

0.0341 (13) 


0.0264 (12) 


A AA"7A / 1 r\\ 

-0.0079 (10) 


A AAAO / 1 A\ 

-0.0098 (10) 


A A A A A 1 (\ \ 

0.0009 (9) 


C4 


a 1 aa t a \ 

0.109 (4) 


a ao t /t~\ 

0.082 (3) 


A ACT t"l\ 

0.053 (3) 


a aa"7 /^^ 

0.007 (3) 


A All /T ^ 

-0.022 (3) 


A AA"7 /T\ 

0.007 (2) 


C5 


A 1 A A /C\ 

0.144 (5) 


0.077 (3) 


A AT 1 /T \ 

0.0/1 (3) 


A ACT /T\ 

0.053 (3) 


A AAC /T \ 

-0.005 (3) 


a AA/C i '^^ 
0.006 (3) 


C6 


a 1 a s~ / A\ 

0.106 (4) 


A 1 T "7 /C\ 

0.127 (5) 


0.170 (6) 


a r\r c / /i \ 

-0.065 (4) 


A A f A ( A \ 

-0.064 (4) 


0.101 (5) 


C7 


a at cn 1 1 c\ 

0.0369 (16) 


A A /I *7 1 /I t)\ 

0.0471 (18) 


A AT/IT t ~\ A\ 

0.0243 (14) 


A A A "7 O /I 1\ 

-0.0078 (13) 


-0.0077 (12) 


A AAT A / 1 T\ 

0.0034 (12) 


C8 


A AC 1 /T\ 

0.051 (2) 


A AO /T\ 

0.052 (2) 


A AT A C /1 

0.0345 (16) 


A A 1 AT /1C\ 

-0.0103 (15) 


AA1CC f\ A\ 

-0.0155 (14) 


A AAT T /"t A\ 

0.0023 (14) 


C9 


0.076 (3) 


A ACT /T\ 

0.053 (2) 


A A A A ZO\ 

0.049 (2) 


A mi£ / 1 A\ 

-0.0226 (19) 


A AT 1 A ( 1 A\ 

-0.0210 (lv) 


A AAT T / 1 /;^ 

-0.0023 (16) 


CIO 


a a r o /t \ 

0.068 (3) 


A AOA /T\ 

0.089 (3) 


A AC A \ 

0.050 (2) 


A A A C { r >\ 

-0.045 (2) 


A ATAO ( 1 A\ 

-0.0208 (19) 


A AA"7 /T\ 

0.007 (2) 


Cll 


A AT A /T~\ 

0.039 (2) 


A AA/1 /T\ 

0.094 (3) 


a Ac t> 

0.058 (2) 


A A 1 O 

-0.018 (2) 


A A 1 /l T /1 T\ 

-0.0143 (17) 


A AAT /' r »\ 

-0.003 (2) 


C12 


A AT /I A / 1 "7~\ 

0.0349 (17) 


A A/TO /T~\ 

0.062 (2) 


A ACT 

0.053 (2) 


-0.0062 (15) 


A A 1 1 1 /I C\ 

-0.0121 (15) 


A AAZZT" / 1 /Z\ 

-0.0067 (16) 


C13 


0.0381 (1 /) 


A A/1 A/C /1 0\ 

0.0496 (18) 


A AT70 /1 C^ 

0.0278 (15) 


A AAC /I / 1 A \ 

-0.0054 (14) 


A AA*7/C / 1 

-0.00 /6 (12) 


A AA A A / 1 T \ 
0.0044 (13) 


C14 


A AT T /t \ 

0.032 (3) 


A AZZ*7 //;\ 

0.067 (6) 


A AT *7 //l \ 

0.037 (4) 


A A 1 A / A \ 

-0.010 (4) 


A AAA /T ^ 

-0.009 (3) 


A A 1 1 / A\ 

0.011 (4) 


C15 


A AT /l 

0.034 (3) 


A AAC fn\ 

0.095 (7) 


A A A O //l \ 

0.048 (4) 


A A1 1 i A \ 

-0.011 (4) 


A AAT /T\ 

-0.007 (3) 


A AAA i A\ 

0.009 (4) 


1 /C 

C16 


A A /I A //I \ 

0.040 (4) 


A A*7 1 ( C\ 

0.071 (6) 


A A /I T //l "\ 

0.042 (4) 


A A 1 T / A \ 

-0.012 (4) 


A AAC /T ^ 

0.005 (3) 


A AAZT 

0.006 (5) 


/^i /it 
C14 


A A /I A /C\ 

u.u4y (5) 


0.0/6 (8) 


0.035 (5) 


A AAT / C\ 

0.003 (6) 


A A 1 A (A \ 

-0.010 (4) 


A AAT / C\ 

-0.003 (6) 


C15' 


0.045 (5) 


A AA O ffw 

0.098 (9) 


0.053 (5) 


A A 1 A / f \ 

-0.019 (6) 


A A 1 T ( A \ 

-0.012 (4) 


A AA"7 / f\ 

0.007 (6) 


C16 


A AC O t£\ 

0.058 (6) 


A ATT /o~* 

0.072 (8) 


A A A A iZ\ 

0.044 (5) 


A AAO //;\ 

-0.008 (6) 


A AAT i A\ 
0.002 (4) 


A A 1 A i C\ 

0.010 (6) 


1 "7 

C17 


A AC A /'"^ 

0.050 (2) 


A 1 A 1 /T ^ 

0.101 (3) 


A m AC / 1 ^\ 
0.02VD (1 /) 


A A 1 *7 0\ 

-0.017 (2) 


A AA*7T / 1 C^ 

-0.00 /3 (15) 


A AAA/C /1 0^ 

0.0096 (18) 


C18 


A A A 1 / 1 0\ 

0.0416 (18) 


A A"7T /' O \ 

0.072 (2) 


AAT11 / 1 /"\ 

0.0311 (16) 


A AA"70 ( 1 

-0.0078 (16) 


A AAOC ( 1 /I \ 

-0.0085 (14) 


A AA A C / 1 C\ 

0.0045 (15) 


C19 


A A A A T / 1 T» 

0.0443 (17) 


A AT £ A /I /Z\ 

0.0364 (16) 


a nm /1 c^ 

0.0327 (15) 


A AA*7A / I 1\ 

-0.0079 (13) 


A AAOZZ / 1 T \ 

0 .0086 (13) 


A AAT T / 1 T\ 

0.0032 (12) 


C20 


A A A CI i 1 A\ 

0.0467 (19) 


A A/1 /C C /1 A\ 

0.0465 (19) 


A A A A 1 /I 0\ 

0.0401 (18) 


A AAA A / 1 C\ 

-0.0099 (15) 


A AAT A f\ A\ 

-0.0024 (14) 


A AA"7A ft A\ 
0.0070 (14) 


C21 


A A/I T 1 / 1 A~\ 

0.0421 (19) 


A A/CA /T\ 

0.060 (2) 


A AC C /1\ 

0.055 (2) 


A AA/C A ( ~\ C\ 

-0.0064 (16) 


A AAT C /1 /Z\ 

-0.0035 (16) 


A AAT O / 1 T^ 

-0.0028 (1 /) 


C22 


A AC7 

0.057 (2) 


A A /I *7 /TX 

0.047 (2) 


0.051 (2) 


A AA/IA /1 '7^ 

0.0069 (17) 


A AA CT / 1 H\ 

0.0053 (17) 


A A A /IT / 1 /C^ 

-0.0043 (16) 


C23 


A A TO t"l\ 

0.078 (3) 


A A/1 "7 

0.047 (2) 


A A A C 

0.045 (2) 


A AAA A /1 0^ 

0.0090 (18) 


A A 1 A A /1 A\ 

-0.0144 (19) 


A A1T/C /1/C\ 

-0.0126 (16) 


/~"> /i 
C24 


A A/CA 

0.060 (2) 


AA/1A/1 /10\ 

0.0404 (18) 


A A A A O / 1 A~\ 

0.0448 (19) 


A A A A A C\ 

0.0044 (15) 


A AT 1/1 /I £\ 

-0.0214 (16) 


A AA A C / 1 /I \ 

0.0045 (14) 


C25 


A A A O C / 1 0\ 

0.0485 (18) 


A A /I /I A / 1 O \ 

0.0440 (18) 


A AT AO / 1 C\ 

0.0308 (15) 


A A1 / 1 

-0.0164 (14) 


-0.0124 (13) 


A AAT O ( 1 T\ 

0.0038 (12) 


C26 


A C\CC /T ^ 

0.066 (3) 


A AC*7 /TX 

0.057 (2) 


A A "7*7 /T ^ 

0.077 (3) 


A AT AC ( 1 fl\ 

-0.0246 (19) 


A ATA /T\ 

-0.029 (2) 


A AT /I /'T^ 

0.024 (2) 


C27 


A AOT t A \ 

0.087 (4) 


A A/C/C /T\ 

0.066 (3) 


A 1 T A i Z\ 

0.130 (5) 


A A/1 T /T\ 

-0.043 (3) 


A A A 1 n\ 

-0.041 (3) 


a A/i /; /^^ 

0.046 (3) 


C28 


0.073 (3) 


0.082 (3) 


0.089 (3) 


-0.052 (3) 


-0.019 (2) 


0.017 (3) 


C29 


0.046 (2) 


0.076 (3) 


0.053 (2) 


-0.0228 (18) 


-0.0060 (16) 


-0.0019 (19) 


C30 


0.0470 (19) 


0.054 (2) 


0.0413 (18) 


-0.0131 (15) 


-0.0065 (15) 


-0.0004 (15) 


CI 


0.144(10) 


0.154(10) 


0.133 (9) 


-0.024 (8) 


-0.039 (8) 


0.000 (7) 


C2 


0.099 (7) 


0.080 (7) 


0.089 (7) 


-0.026 (6) 


-0.026 (6) 


0.003 (6) 


C3 


0.063 (5) 


0.039 (4) 


0.042 (4) 


-0.001 (3) 


-0.025 (3) 


0.009 (3) 


cr 


0.222 (14) 


0.194(13) 


0.196(14) 


-0.045 (9) 


-0.055 (9) 


-0.013 (9) 


C2' 


0.146(12) 


0.171 (12) 


0.129(11) 


-0.044 (9) 


-0.027 (8) 


-0.016(8) 


C3' 


0.118(10) 


0.127(11) 


0.119(10) 


-0.028 (8) 


-0.025 (8) 


0.018(8) 
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Geometric parameters (A, °) 



Sil — 01 


1.613 (3) 


Sil — C2 


1.808 (15) 


Sil — C4 


1.837 (5) 


Sil — C3 


1.874 (8) 


Sil — C2' 


1.89 (2) 


Sil — C3' 


1.90 (2) 


Si2— Ol 


1.603 (3) 


Si2— 02 


1.622 (2) 


Si2— C5 


1.817 (5) 


Si2— C6 


1.828 (5) 


Si3— 02 


1.635 (2) 


Si3— Nl 


1.715 (2) 


Si3— C13 


1.859 (3) 


Si3— C7 


1.865 (3) 


Si4— Nl 


1.748 (2) 


Si4— m { 


1.749 (2) 


Si4— C19 


1.865 (3) 


Si4— C25 


1.867 (3) 


Si4— Si4* 


2.4940 (17) 


Nl — Si4' 


1.749 (2) 


C4 — H4A 


0.9800 


C4 — H4B 


0.9800 


C4 — H4C 


0.9800 


C5 — H5A 


0.9800 


C5 — H5B 


0.9800 


C5 — H5C 


0.9800 


C6 — H6A 


0.9800 


C6 — H6B 


0.9800 


C6 — H6C 


0.9800 


C7 — C8 


1.393 (4) 


C7 — C12 


1.395 (4) 


C8 — C9 


1.390 (5) 


C8 — H8A 


0.9500 


C9 — CIO 


1.367 (6) 


C9 — H9A 


0.9500 


CIO— Cll 


1.373 (6) 


rin tt|(ia 
V^IU — rllU/\ 


u.y juu 


Cll— C12 


1.388 (5) 


Cll— H11A 


0.9500 


C12— H12A 


0.9500 


C13— C18 


1.397 (4) 


C13— C14' 


1.402 (17) 


C13— C14 


1.419(11) 


C14— C15 


1.365 (12) 


CI 4— H14 


0.9500 



C16 — C17 


1.389 (12) 


C16 — H16 


0.9500 


C14' — C15' 


1.392 (19) 


C14' — H14' 


0.9500 


C15' — C16' 


1 39 (2) 


C15' — H15' 


0.9500 


C16'— C17 


1.398 (18) 


CI 6'— HI 6' 


0.9500 


C17— C18 


1.379 (5) 


CI 7— H17A 


0.9500 


C18— H18A 


0.9500 


C19— C20 


1.394 (5) 


CI 9— C24 


1.402 (4) 


C20— C21 


1.388 (5) 


C20— H20A 


0.9500 


C21— C22 


1.374 (5) 


C21— H21A 


0.9500 


C22— C23 


1.374 (6) 


C22— H22A 


0.9500 


C23— C24 


1.391 (5) 


C23— H23A 


0.9500 


C24 — H24A 


0.9500 


C25 — C26 


1.385 (5) 


C25 — C30 


1.386 (5) 


C26 — C27 


1.382 (6) 


C26 — H26A 


0.9500 


C27 — C28 


1.360 (6) 


C27 — H27A 


0.9500 


C28 — C29 


1.375 (6) 


C28 — H28A 


0.9500 


C29 — C30 


1.386 (5) 


C29 — H29A 


0.9500 


C30— H30A 


0.9500 


CI — C2 


1.306 (9) 


CI — H1A 


0.9500 


CI — H1B 


0.9500 


V^Z — rlZ 


u.y juu 


C3— H3A 


0.9800 


C3— H3B 


0.9800 


C3— H3C 


0.9800 


cr— C2' 


1.298 (10) 


cr— Hi'i 


0.9500 


cr— H12 


0.9500 


C2'— H2' 


0.9500 


C3'— H3'l 


0.9800 
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C15 — C16 


1.372 (14) 


C15 — H15 


0.9500 


Ul — oil — CZ 


llo.y p) 


p 1 c ; 1 p/i 
Ul — Oil — C4 


1 a*7 ^ 
1U /.o (Z) 


po c ; 1 p a 
CZ — oil — C4 


11 A O /c\ 

1 lU.o p) 


p 1 c ; 1 pi 
Ul — oil — C3 


1 AO O 

lUo.Z (3) 


po c ; i pi 
CZ — oil — C3 


1 A/i n /c\ 
1U4.V (p) 


pi a c;i pi 
C4 — oil — C3 


iao 1 fi\ 
lUo.l (3) 


p i c ; 1 po' 
Ul — oil — CZ 


1 1 C H /"7\ 

115.7 (7) 


p^ c;i po' 
CZ — oil — cz 


oo.y (o) 


p zi c;i po' 
C4 — Oil — CZ 


lion pj\ 

llo.U (/) 


pi c;i pti 
C3 — oil — CZ 


1 O 1 SH\ 

18.1 (7) 


p i c ; 1 / • 1 1 
Ul — Oil — C3 


1 AA O 
1UU.O (0) 


PO c;i pi • 
CZ — oil — C3 


iy.4 ( /) 


p zi c ; 1 pi ' 
C4 — oil — C3 


1 no a /"7\ 
lUo.V ( /) 


pi c;i pi> 
C3 — Oil — C3 


1ZZ.4 ( /) 


CZ — oil — C3 


1 A/l T /0\ 

1U4.3 (o) 


pi c;t /"\o 
Ul — OlZ — UZ 


1 AO 1 1 f \ A\ 

lUo.31 (14) 


Ul — OlZ — C:> 


1 1 a i /">\ 
11U.3 (Z) 


m c;t pc 
UZ — OlZ — Cj 


1 A*7 1C\ f \ a\ 

1U /.3U (iy) 


ai c ;t p^ 
Ul — OlZ — Co 


lUy.3 (3) 


UZ — o lZ — Co 


1 A A m / 1 A\ 

luy.yz (iy) 


pc c;t p£ 
Cj — OlZ — Co 


111 H f1\ 

111.7 (3) 


UZ 013 IN 1 


1UD.J4 ^ 1 L ) 


02 — Si3 — CI 3 


109.79 (13) 


Nl— Si3— C13 


113.21 (13) 


02— Si3— C7 


108.97 (13) 


Nl— Si3— C7 


109.71 (12) 


CI 3— Si3— C7 


108.74 (14) 


Nl— Si4— Nl' 


89.00 (11) 


Nl— Si4— C19 


114.02(13) 


Nl 1 — Si4— C19 


114.79(12) 


Nl— Si4— C25 


114.72(13) 


Nl'— Si4— C25 


114.17(13) 


C19— Si4— C25 


109.14 (14) 


Nl — Si4 — Si4' 


44.52 (8) 


Nl 1 — 814—814' 


44.48 (8) 


C19— 814—814* 


125.40 (11) 


C25— 814—814* 


125.46 (11) 


Si2— Ol— Sil 


153.0 (2) 


Si2— 02— Si3 


145.38 (14) 


Si3— Nl— Si4 


131.82 (15) 


Si3— Nl— Si4' 


137.03 (14) 


Si4— Nl— Si4' 


91.00(11) 


Sil— C4— H4A 


109.5 


Sil— C4— H4B 


109.5 


H4A— C4— H4B 


109.5 



C3' — H32 


0.9800 


C3' — H3'3 


0.9800 


P11 P 1 A TT 1 A 

C13 — C14 — hi 14 


1 1 A 1 

i iy.i 


pi 1 A P1C P 1 /C 

C 14 — C 1 j — C 1 o 


m 1 /o\ 
121. 1 (o) 


pi 1 A P1C I I 1 C 

C 14 — C 1 J — H 1 j 


1 1 A C 

i iy.j 


P1C I I K 

C 1 0 — C 1 J — rl 1 j 


1 1 A C 

i iy.j 


pic ru pi*7 
C 1 J — C 1 0 — C 1 / 


1 1 A A /0\ 

ny.u {$) 


p i C n A ill/: 

C 1 j — C 1 0 — rl 1 0 


1 7A C 
1ZU.J 


nn pu ill/' 
C 1 / — C 1 o — H 1 o 


1 1A C 


P1C P 1 /I ' P11 

CI J — C14 — C13 


ni tp, t\ 
1Z1.Z (1Z) 


P1C P 1 /I ' T_T1 /I ' 

CI D — C14 — H14 


1 1 A /I 

i iy.4 


P11 P 1 /I ' U1 /I ' 

C13 — C14 — H14 


1 1 A A 

i iy.4 


pi/i' pic rui 
C14 — ClD — ClO 


11A1 f \ 1\ 

lly.3 (13) 


C14 — CI j — HI j 


1 OA /I 

1ZU.4 


f^'\ PK' IT 1 C' 

CIO — CI j — HI j 


1 OA /I 

1ZU.4 


p i C' 1 p 1 "7 

CI j — CIO — CI / 


1 OA C /1 OA 

IZU.j (1Z) 


P1C PU' TJ1P 

CI!) — ClO — H10 


lift n 

1 ly. / 


P 1 *7 P1P TT1 jfl 

CI / — ClO — H10 


1 1 A *7 

ny. / 


PIO P1*7 PU 

C 1 o — C 1 / — C 1 0 


ny.3 {j) 


PIO P1*7 f^'S £\ 

C 1 o — C 1 / — C 1 o 


in/ p7\ 
11 /.0 (/) 


pi/: P1*7 P1<C' 

ClO — CI / — Clo 


TC /I 

ZjA (0) 


pio pn un a 
Clo — CI / — HI /A 


1 OA /I 

1ZU.4 


f 1/ P 1 "7 tt 1 *7 A 

CIO — CI / — HI / A 


1 OA A 

1ZU.4 


p 1 P p 17 Ul 7 A 

V^-10 — CI / 1 1 1 /J\ 


11^8 

1 1 J.O 


C17 C18 C13 


122 6 (3) 

A tit, • \J l^J 1 


C17— C18— H18A 


118.7 


C13— C18— H18A 


118.7 


C20— CI 9— C24 


117.1 (3) 


C20— C19— Si4 


122.4 (2) 


C24— C19— Si4 


120.5 (2) 


C21— C20— C19 


121.4 (3) 


C21— C20— H20A 


119.3 


CI 9— C20— H20A 


119.3 


C22— C21— C20 


120.4 (4) 


C22— C21— H21A 


119.8 


C20— C21— H21A 


119.8 


C23— C22— C21 


119.6 (3) 


C23— C22— H22A 


120.2 


C21— C22— H22A 


120.2 


C22— C23— C24 


120.4 (3) 


C22— C23— H23A 


119.8 


C24— C23— H23A 


119.8 


C23— C24— C19 


121.1 (3) 


C23— C24— H24A 


119.5 


CI 9— C24— H24A 


119.5 


C26— C25— C30 


117.3 (3) 


C26— C25— Si4 


120.6 (3) 
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bll — C4 — hl4C 


1 API C 

iuy.D 


i i /i a p a i 1 .1 / • 

hl4A — C4 — hl4C 


1 API £ 

iuy.D 


I I 1 T") p A I I 1 / • 

hl4r> — C4 — hl4C 


1 API £ 

iuy.D 


blZ — CD — hlDA 


1 A A C 

iuy.D 


blZ — CD — hlDB 


1 AA C 

iuy.D 


hlDA — CD — hlDB 


1 AA £ 

iuy.D 


Oil / " C I ir/' 

blZ — CD — hlDC 


1 AA £ 

iuy.D 


IIC a nr I ir / • 

hlDA — CD — hlDC 


1 AA £ 

iuy.D 


I 1 C D rif i I C / • 

hlDB — CD — hlDC 


1 AA C 

iuy.D 


biz — Co — hloA 


1 AA C 

iuy.D 


o;i / 1 1 /c i) 
blZ — Co — rioB 


1 AA C 

iuy.D 


hi o A — C o — hi o r> 


1 AA £ 

iuy.D 
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C14— C15— C16— C17 4.2(14) C3' — Sil — C2' — CI' -155.9(19) 

C18— C13— C14'— C15' -11.2(15) 
Symmetry codes: (i) -x+1, -y+\, -z+1. 
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Fig. 2 
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